Background: S-1 is an oral anticancer agent that combines tegafur (FT) with 5-chloro-2,4-dihydroxypyridine (CDHP) and potassium oxonate. The recommended initial dose of S-1 is 120 mg/day for patients with a body surface area (BSA) of ‡1.5 m 2 in Japan.
introduction S-1 (Taiho Pharmaceutical, Tokyo, Japan) is an oral anticancer agent that combines tegafur (FT) with 5-chloro-2,4-dihydroxypyridine (CDHP) and potassium oxonate [1] . FT is a prodrug of cytotoxic 5-fluorouracil (5-FU). The bioactivation of FT to 5-FU is predominantly catalyzed by the liver drugmetabolizing enzyme CYP2A6 [2] , which is highly polymorphic [3] . CDHP increases the plasma 5-FU level by competitively inhibiting dihydropyrimidine dehydrogenase [4] , the ratelimiting enzyme responsible for 5-FU metabolism [5] . S-1 is widely used as a standard option for chemotherapy in patients with gastric cancer in Japan [1] .
Clinically, how doses of anticancer drugs should be adjusted for patients with large body surface areas (BSAs) remains poorly understood. In many cases, extrapolation of dosing recommendations to those patients with large BSA must be carried out arbitrarily when the dose is required to be standardized by particular patient demographics including BSA [6] . The package insert of S-1 in Japan recommends an initial fixed dose of 120 mg/day for patients with a BSA of ‡1.5 m 2 .
The pharmacokinetics of a drug cannot be reliably predicted on the basis of BSA [6, 7] . The drug clearance of 5-FU does not clearly correlate with BSA in patients who receive capecitabine [6] . Dosage recommendations for capecitabine have not been definitively established (i.e. a fixed dose or a BSA-based dose) although the package insert recommends that the dose is based on BSA [8] . In contrast, the area under the time-concentration curve (AUC) of 5-FU strongly correlates with BSA after oral administration of uracil/ FT (UFT) with leucovorin (LV) [9] . A BSA-based dose of UFT plus LV is therefore recommended for the treatment of colorectal cancer.
To date, little information is available on the relation of BSA to the pharmacokinetics of FT, CDHP, and the active metabolite 5-FU in patients who are taking S-1 capsules. If the pharmacokinetics of these compounds is affected by BSA, the currently recommended fixed dose of S-1 for patients with a BSA of ‡1.5 m 2 might not produce adequate serum levels of the active metabolite 5-FU in such patients. We therefore examined the AUC of 5-FU, CDHP, and FT in patients with a BSA of ‡1. Organization performance status of zero to three, and no history of chemotherapy or radiotherapy within the last 4 weeks. Each patient was confirmed to have adequate bone marrow and liver function [10] , as well as adequate renal function (a creatinine clearance of ‡50 ml/min as calculated by the Cockcroft-Gault equation). All patients gave written informed consent to participate in the study and their peripheral blood samples and medical information to be used for research purposes. The study protocol was approved by the Institutional Review Board of Saitama Medical University.
treatment S-1 was given orally, twice daily for 28 consecutive days, followed by 2 weeks of rest. The dose of S-1 was fixed based on the patients' BSA according to the package insert in Japan. The dose was 120 mg/day for patients with a BSA of ‡1.5 m 2 .
determination of FT, 5-FU, and CDHP
Blood samples for pharmacokinetic analysis were obtained on day 1 of treatment as described by Fujita et al. [10] . Plasma concentrations of FT and 5-FU were analyzed by high-performance liquid chromatography and those of CDHP were determined by gas chromatography mass spectrometry, as reported elsewhere [10] .
pharmacokinetic variables
The AUCs (lM h) of FT, 5-FU, and CDHP were calculated by the linear trapezoidal rule (until the peak plasma concentration) and the linear-log trapezoidal rule (until the last measurable concentration), using a computer program (WinNonlin version 5.1 software, Pharsight Corporation, Mountain View, CA), as described previously [10] .
statistical analysis
The Mann-Whitney U-test was used to compare the AUCs of 5-FU, CDHP, and FT according to two BSA categories, 1. 35-80) . The median creatinine clearance was 87.5 ml/min (range 55-174).
To examine the effects of BSA on the pharmacokinetics of S-1 components in patients receiving a fixed dose of 120 mg/day, the patients were subdivided into two categories: those with a BSA of 1.5 to <1.75 m 2 and those with a BSA of ‡1.75 m 2 . These categories were based on the 0.25-m 2 interval of current BSA-based dosage recommendations for S-1 in Japan (<1.25, 1.25-1.5, and ‡1.5 m 2 ). Characteristics of patients in each group are shown in Table 1 .
Since the dose of S-1 normalized to BSA (mg/m 2 /day) decreased as the BSA increased, the normalized dose of S-1 in the patients with a BSA of ‡1.75 m 2 [64.0 6 1.9 mg/m 2 , median 6 standard deviation (SD)] was significantly lower than that in the patients with a BSA of 1.5-1.75 m 2 (77.4 6 3.2 mg/m 2 , median 6 SD) (P = 0.0003, Mann-Whitney U-test). The median AUC of 5-FU in the patients with a BSA of ‡1.75 m 2 (6.63 6 1.4 lMÁh, median 6 SD) was significantly lower than that in the patients with a BSA of 1.5-1.75 m 2 (11.5 6 3.1 lMÁh, median 6 SD) (P = 0.005, Mann-Whitney U-test) (Figure 1 ). The median AUC of CDHP was also significantly lower in the patients within a BSA of ‡1.75 m 2 (5.96 6 0.7 Annals of Oncology original article lMÁh, median 6 SD) than in those with a BSA of 1.5-1.75 m 2 (9.76 6 2.0 lMÁh, median 6 SD) (P = 0.006, Mann-Whitney U-test) (Figure 2 ). In contrast, the AUC of FT did not differ significantly between the groups (114 6 28 lMÁh for 1.5-1.75 m 2 and 110 6 35 lMÁh for ‡1.75 m 2 , median 6 SD) (P = 0.927, Mann-Whitney U-test) (Figure 3) .
The median AUC of 5-FU may have differed according to BSA group for the following reasons: (i) As shown in our previous study [10, 11] , the AUC of 5-FU is primarily affected by the AUC of CDHP, not that of FT. (ii) CDHP is predominantly excreted in the urine by glomerular filtration [12] . Since the glomerular filtration area is directly related to BSA [7, 13] , the AUC of CDHP decreased as the BSA increased ( Figure 2 ). (iii) Therefore, the lower median AUC of 5-FU in patients with a BSA of ‡1.75 m 2 is attributed to the BSAdependent decrease in the AUC of CDHP.
Since the interpatient variability in the AUC of FT caused by CYP2A6 genotype is larger than that by the BSA in Japanese patients with cancer [10] , the AUC of FT did not differ significantly between the two groups.
According to the present results, we could hypothesize that Japanese patients with a BSA of ‡1.75 m 2 may insufficiently benefit from S-1 treatment because of the low systemic exposure to active 5-FU after administration of a fixed dose of S-1 (120 mg/day). In addition, the dose of S-1 in patients with BSA >1.5 m 2 should be subdivided into more categories as a phase II study for first-line advanced gastric cancer carried out with Western patients where the dose of S-1 (50 mg/m 2 / day) was subdivided into seven categories according to the BSA of patients (<1.29 m 2 , 60 mg/day; 1. [15] . In this Korean study, response rate was reported to be 19% that was significantly lower than that expected. The examination of the relation between the response and CYP2A6 genotype and CDHP exposure might be helpful for the better understanding the unexpected results.
It should be noted that the results of the present study were obtained by low number of patients. Therefore, a prospective clinical study with a large number of homogeneous patients 
